The objective of this study was to test the validity of offspring-reported parental hip fracture in a unique bone mineral density (BMD) registry linked to administrative databases spanning 4 decades. Population-based data were from Manitoba, Canada, and included hospital abstracts, health insurance registrations, and the provincewide BMD registry. The cohort included individuals aged ≥40 years with BMD tests and self-reports of parental hip fracture between 2006 and 2014. Population registry data for 1966-2014 were used to link offspring with their parents, and hospital records were used to ascertain parental fractures. Overall, 8,112 offspring met the inclusion criteria; 13.6% had a parental hip fracture diagnosis in administrative data during an average of 32.9 years of follow-up. Agreement between parental hip fracture from offspring reports and diagnoses in administrative data was good (κ = 0.68). The sensitivity of offspring reports was 0.70 (95% confidence interval: 0.67, 0.73), and specificity was 0.96 (95% confidence interval: 0.96, 0.97). Offspring characteristics associated with disagreement included male sex, northern rural residence, early BMD test year, and longer interval between BMD test and parental hip fracture diagnosis. This proof-of-concept study focused on hip fractures, but use of record linkage techniques to validate offspring-reported parental information can be extended to other conditions.
The risk of chronic disease onset is often associated with a complex mix of genetic, behavioral, and environmental factors (1) . However, genetic information cannot always be easily captured for inclusion in disease risk prediction models, particularly models derived from large, population-based databases constructed via record linkage (2, 3) . Family disease history has been suggested as a proxy for genetic markers (4), as well as an independent risk factor (5) for offspring chronic disease. Regardless of its role, assessing the unique contribution of family history to offspring disease risk is dependent, in part, on its accurate measurement.
Information about family history is typically collected via offspring report, which may be prone to recall and other reporting biases. Milne et al. (6) found that offspring age, sex, and mental health status were associated with offspring's accurate reporting of a parental history of mental disorders. Bensen et al. (7) found that offspring-reported parental history showed very good agreement with parental self-reported history of diabetes, but agreement was lower for asthma and hypertension-conditions that may be less likely than diabetes to show an association with "daily routines such as medication use or diet changes" (pp. 148-149).
At the same time, there is the potential for bias when parental self-reporting is used to assess the accuracy of offspringreported parental health history (7) . Medical records have been suggested as a gold standard for validating offspringreported information (8) .
We conducted a proof-of-concept study that used linked administrative health databases to obtain unbiased, population-based information on family health history. The specific objective was to use record-linkage techniques to ascertain diagnoses of parental hip fracture and evaluate the accuracy of offspring-reported parental hip fracture from a clinical registry that has been widely used to test the calibration of risk prediction models for osteoporosis-related fractures (9) .
With the aging of the population in developed countries and the widespread use of pharmacological treatments for osteoporosis, prediction of fracture risk has substantial public health relevance. Parental fracture history is a major risk factor for osteoporosis-related fracture in offspring (10, 11) . The widely used fracture risk prediction tool, FRAX (World Health Organization Collaborating Centre for Metabolic Bone Diseases, University of Sheffield, Sheffield, United Kingdom), gives parental hip fracture one of the largest weights of any factor used to estimate risk of a major osteoporotic fracture (12, 13) . Evidence to support the important role of parental hip fracture in predicting an offspring's fracture risk comes from a meta-analysis of several prospective cohort studies of fracture (10) . However, in all studies included in the meta-analysis, parental history was based on offspring recall of past events; to the best of our knowledge, no previous studies have assessed the validity of this recall. Hence, our study's focus on validating offspring-reported parental fracture history has important public health implications for predicting fracture risk.
METHODS

Data source
Study data were from the province of Manitoba, Canada, which has a population of 1.2 million according to the 2011 Statistics Canada census (14) . Manitoba has a universal health-care system and collects comprehensive health data for virtually the entire population.
This study was conducted using data for the period January 1, 1970-March 31, 2014 from administrative health databases, specifically the population registry and hospital separation records. Data from the Manitoba Bone Density Program registry for the period January 1, 2006-March 31, 2014 were also used to complete the study. Finally, census data were used to derive an area-level income measure.
The population registry captures data on all residents of the province who are eligible to receive health services. It includes information on dates of health insurance coverage and demographic characteristics (15) . Residents insured by the federal government, such as military personnel and federal inmates, are not included in the population registry. Members of the Royal Canadian Mounted Police were previously excluded from the registry but began to be included as of April 1, 2013 . In total, less than 0.5% of Manitoba's population is excluded from the population registry. Registration for publicly funded health insurance began in 1966, and the population registry was officially established in January 1970.
Each resident is assigned a unique personal health identification number. In addition, residents from the same family unit can be linked via a common family registration number (16, 17) . Accurate identification of the mother-offspring relationship is achieved using birth records. Accurate identification of the father-mother relationship is dependent on the marriage's being reported to the province. At age 19 years (age 18 since 1992), individuals are assigned their own family registration number. Accordingly, parent-offspring linkage is possible for offspring born from 1947 onwards (i.e., earliest registration year of 1966 -age 19 = 1947).
Hospital abstracts are completed at the point of discharge from acute-care facilities. Diagnoses were coded using the International Classification of Diseases, Adapted, Eighth Revision The Manitoba Bone Density Program registry is a regionally based clinical database that has captured all dual-energy x-ray absorptiometry results for the province of Manitoba since the program's inception in 1990. Rates of bone mineral density (BMD) testing (i.e., the number of individuals undergoing a BMD test in the total population) for this program have been published elsewhere (18, 19) . All individuals with health insurance coverage are eligible to be referred for a BMD test, although referral criteria emphasize women aged ≥65 years and targeted testing in men and high-risk younger women (20). The BMD registry has accuracy and completeness exceeding 99% (19) . All individuals scheduled for a BMD test are mailed a questionnaire, with instructions to bring the completed questionnaire to their appointment. The questionnaire asks, "Did either of your parents have surgery for a fractured/broken hip after age 50? (do not include hip replacements for arthritis)." The response options include: 1) yes, mother; 2) yes, father; 3) no; and 4) don't know. On the BMD test date, technologists review the questionnaire with the individual to verify responses; the physician further reviews the completed form. Responses are entered by technologists into the BMD registry database with categories of yes and no; the first 2 response options are combined into the "yes" category, while the last 2 response options are combined into the "no" category.
Study cohort and measures
The study cohort included all individuals aged ≥40 years with a BMD test between January 2006 and March 2014 who were born in 1947 or later; 2006 was the first year in which parental hip fracture information was captured in the BMD program registry, and offspring under age 40 years rarely have BMD tests. For individuals with more than 1 BMD test during this period, only the first test was used. The date of the BMD test was the index date. Study exclusion criteria were: 1) inability to link the offspring and at least 1 parent via the family registration number and 2) lack of continuous health insurance coverage for the parent(s) between January 1970 and the date of a hip fracture diagnosis, the date of death, or the index date.
Parental hip fractures were ascertained from hospital discharge abstracts between January 1970 and the index date. The criteria were: a hip fracture diagnosis in any diagnosis field (ICDA-8 code N820; ICD-9-CM code 820; ICD-10-CA codes S72.0-S72.2) and no diagnosis code for a high-trauma event (e.g., a transportation-related injury or an injury due to a fall from a significant height). We did not distinguish between hip fractures of the father and those of the mother, because the parental source of the hip fracture is not identified in the BMD program registry.
Covariates included sociodemographic and BMD test characteristics: age (in years) at the index date, sex, income quintile, region of residence, and year of the index BMD test. In addition, the length of time between the date of parental hip fracture diagnosis and the offspring index BMD test (defined only for parents with a hip fracture) was recorded. Income quintiles divide the population into groups such that approximately 20% of the population was in each group. The quintiles were derived for "dissemination area"-level average household income values obtained from a University of Manitoba census file (21) for 2011 and were based on the residence location at the index date. The methodology has been described previously and has been shown to be in good agreement with individual-level income (22, 23) . Region of residence was based on boundaries as defined by the provincial ministry of health and was assigned as Winnipeg (the largest urban center in Manitoba), rural north, or rural south.
Statistical analysis
The study cohort was characterized using mean values, standard deviations, and frequencies. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and kappa (κ) were estimated for offspring report of a parental hip fracture (24) . Sensitivity was estimated as the number of true positives (i.e., both an offspring-reported parental fracture and a diagnosis of parental hip fracture in administrative data) divided by the total number of offspring with a parental hip fracture diagnosis identified in the administrative data. Specificity was estimated as the number of true negatives (i.e., no offspring-reported parental fracture and no diagnosis of parental hip fracture in administrative data) divided by the total number of offspring without a parental hip fracture diagnosis in administrative data. PPV was estimated as the number of true positives divided by the total number of offspring who reported a parental fracture in the BMD registry. NPV was estimated as the number of true negatives divided by the total number of offspring who did not report a parental fracture in the BMD registry.
Cohen's κ was used to estimate the chance-adjusted agreement between administrative data and the BMD registry. The interpretation of κ values (25) was as follows: κ < 0.20 is poor chance-adjusted agreement; 0.20 ≤ κ ≤ 0.39 is fair chance-adjusted agreement; 0.40 ≤ κ ≤ 0.59 is moderate chance-adjusted agreement; 0.60 ≤ κ ≤ 0.79 is good chanceadjusted agreement; and κ ≥ 0.80 is very good chanceadjusted agreement.
Estimates of sensitivity, specificity, PPV, NPV, and κ were produced for the entire cohort and then stratified by sex and age group (i.e., ages 40-44, 45-49, 50-54, 55-59, and ≥60 years). The 95% confidence intervals for these estimates were based on the asymptotic standard error. Percentages of observed and expected agreement were also determined.
Estimates were also produced for a supplementary analysis that excluded offspring cohort members with a parent who had a diagnosis for pelvis fracture (ICDA-8 code N808; ICD-9-CM code 808; ICD-10-CA codes S32.1-S32.9) or nonhip femur fracture (ICDA-8 code N821; ICD-9-CM code 821; ICD-10-CA codes S72.3-S72.9) or who had undergone total hip arthroplasty (Canadian Classification of Procedures code 81.51; Canadian Classification of Interventions code 1. VA.53.LA.PN, where status attribute is not equal to R) during the study period. These fractures and surgical procedures might be confused with a hip fracture.
Multivariable logistic regression was used to test covariates associated with disagreement between parental hip fracture diagnosis in administrative data and offspring-reported parental hip fracture in the BMD program registry (26) ; this analysis was limited to those offspring for whom a parental hip fracture diagnosis was identified in administrative data. Model covariates included all of the previously defined sociodemographic and BMD test covariates. Odds ratios and 95% confidence intervals were produced, with a higher odds ratio indicating greater disagreement. The C statistic, a measure of discriminative performance (26) , and the Brier score (27) , a measure of model calibration, were also computed.
This research was approved by the University of Manitoba Health Research Ethics Board. Approval for data access was provided by the Manitoba Health Information Privacy Committee. All analyses were conducted using SAS software (SAS Institute, Inc., Cary, North Carolina), version 9.3 (28).
RESULTS
As Figure 1 reveals, a total of 19,751 individuals were eligible for inclusion in the cohort. Of this number, 54.3% could not be linked to at least 1 parent in the population registry. Another 4.6% did not have at least 1 parent with continuous health insurance coverage during the observation period. A total of 8,112 offspring were retained in the cohort.
The characteristics of the excluded and retained offspring are described in Table 1 . Excluded offspring were older (38.3% were ≥60 years of age as compared with 15.6% of retained offspring) and more likely to be female (93.6% of excluded offspring vs. 85.5% of retained offspring). However, excluded offspring were similar to retained offspring with regard to region of residence, income quintile, and year of the BMD test.
Overall, 13.6% of the final offspring cohort was identified as having at least 1 parent with a hip fracture diagnosis in administrative health data during an average of 32.9 (standard deviation, 11.5) years of follow-up. Offspring with a parental hip fracture diagnosis were slightly older (mean age = 56.1 years) than offspring without a parental hip fracture diagnosis (mean age = 53.1 years). The 2 cohort subgroups were similar with regard to other baseline characteristics.
A total of 1,020 (12.6%) cohort members reported a parental hip fracture in the BMD program registry; the numbers of cohort members classified as true and false positives and true and false negatives are reported in Table 2 . Validity and agreement estimates are reported in Table 3 . Overall chanceadjusted agreement (κ = 0.68) was good (observed agreement = 92.8%; expected agreement = 77.3%). Sensitivity was 0.70 (95% confidence interval (CI): 0.67, 0.73), and PPV was 0.76 (95% CI: 0.73, 0.78). Specificity and NPV estimates were 0.96 (95% CI: 0.96, 0.97) and 0.95 (95% CI: 0.95, 0.96), respectively. When the analyses were stratified by sex, sensitivity and κ were higher for females (observed agreement = 93.6%; expected agreement = 76.9%) than for males (observed agreement = 91.8%; expected agreement = 77.3%), although estimates of specificity, PPV, and NPV were similar for both sexes (Table 3) . When the analyses were stratified by age group, κ increased with age and was highest for the age group ≥60 years, as was PPV (observed agreement ranged from 90.2% for age ≥60 years to 95.7% for age 40-44 years; expected agreement ranged from 65.2% to 90.1% for these age groups). Sensitivity was similar for all age groups greater than or equal to 50 years. Specificity was similar across all age groups, although NPV was highest for the age group 40-44 years. The supplementary analysis (Table 3) revealed that estimates of chance-adjusted agreement and validity were only slightly higher when offspring whose parents had related diagnostic or procedural events (n = 370) were excluded.
Further analysis was limited to offspring for whom a parental hip fracture diagnosis was ascertained in administrative data. As Table 4 reveals, the odds of disagreement between parental hip fracture diagnosis in administrative data and offspring-reported parental fracture from the BMD program registry were higher for the age group 45-49 years, males, residents of the rural north, and those with an interval between the offspring BMD test and the parental hip fracture diagnosis of 10 years or more. The odds of disagreement were lower for offspring who had a BMD test earlier in the study. The C statistic for the logistic model was 0.65, indicating moderate discriminative performance. The mean Brier score was 0.20, indicating moderate model calibration.
DISCUSSION
This study found that the agreement and validity of offspring-reported parental hip fracture, ascertained from a unique provincial BMD registry and assessed using record linkage for offspring and parents in administrative health databases containing diagnoses for hip fracture, was good. The specificity and NPV of offspring reports of parental fracture were consistently high. Sensitivity was higher for female offspring than for male offspring; sensitivity and PPV were slightly higher for older offspring than for younger offspring. Consistent with the findings of Milne et al. (6) in their study about offspring reporting of parental mental disorders, we found that demographic characteristics were sources of disagreement between offspring reports of parental hip fracture and diagnoses of parental hip fracture. Females may report more accurately than males because they provide a larger proportion of parental care or are more concerned about osteoporosis risk than males. We found that among offspring with a parental hip fracture diagnosis, disagreement was associated with the amount of time between the diagnosis and the BMD test-an indicator of the length of the recall period. Location of residence was also associated with disagreement, with the odds being higher in the northern, remote, and rural regions of the province. Manitoba's northern residents may be less likely to have regular contact with their parents because of the challenges of traveling between communities or because socioeconomic disadvantage, which is higher in the rural north than in other parts of the province, may contribute to a lower level of health literacy. The percentage of false positives was higher than the percentage of false negatives; this result may have occurred because individuals having a BMD test, a marker of fracture risk, may be more likely to incorrectly recall a parental fracture than to not recall it.
Our results indicate good overall accuracy of offspringreport information. However, variations in agreement rates are concerning because measurement error in risk prediction model covariates can bias results toward the null hypothesis (29) . Given the findings of this research, there are a number of possible avenues for further research. Comparative performance of models that use different sources of family history information for predicting offspring disease risk can be used to quantify the magnitude of bias associated with covariate measurement error. Research in other jurisdictions about the use of administrative health databases to ascertain family relationships and disease history, as well as investigations to assess the accuracy of offspring reporting of family history for other conditions (such as diabetes, coronary heart disease, and cancer), should be pursued; the accuracy of offspring reporting may depend on the health condition under investigation (7). Other sources of family history information, such as electronic medical records, should also be explored (8) .
However, we recognize that there are few large, multigenerational record linkage studies (30, 31) that can be used to validate offspring-reported information.
While this study had a number of strengths, including the long duration of parental follow-up and the high accuracy of hip fracture case ascertainment in diagnosis codes from administrative health databases, it was not without limitations. First, it was not possible to distinguish maternal fractures from paternal fractures in offspring-reported information in the BMD program registry; this information would be useful to assess whether accuracy varies with the parental source of the fracture event. Second, there is the potential for selection bias in the validation results, given that successful linkage of parent and offspring was achieved for slightly less than half of the eligible cohort. However, the linkage rate was a function, in part, of the strict study inclusion criteria, which required continuous health insurance coverage for parents to ensure that no hip fracture diagnoses would be missed. Missing information could lead to misclassification bias that would adversely affect the accuracy of the validation results. Third, this was a predominantly white population from 1 Canadian province; whether these results would be generalizable to persons of other ethnicities or other health-care settings remains to be determined.
In conclusion, this study used more than 40 years of administrative health data that enabled parent-offspring record linkage, as well as a unique BMD testing registry that collects offspring reports of parental hip fracture, to investigate the validity of parental health history information reported by Abbreviations: BMD, bone mineral density; CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value. a Related events included parental pelvic fractures, nonhip femur fractures, and total hip arthroplasty. offspring. This study represents a novel proof-of-concept contribution to family history methodological research, and it has substantial public health relevance for the measurement and use of parental health history to predict disease risk in offspring (4, 32) . While our results demonstrate good validity of offspring-reported information about parental hip fracture, further research is needed to investigate the implications of our findings for offspring disease risk prediction modeling. 
